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(54) CHROMIUM-MANGANESE AUSTENITTC 
SINTERED STEEL WITH HIGH CORROSION 
RESISTANCE AND HIGH STRENGTH, ITS 
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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a Cr-Mn 
austenrtic steel excellent in corrosion resistance, 
strength, and radiation exposure damage resistance and 
its production and also to provide a nuclear reactor, a 
nuclear fusion reactor, and their component parts, by 
uniformly refining crystalline grain size into superfine 
state. 

SOLUTION: The Cr-Mn austenrtic sintered steel with high 
corrosion resistance and high strength is a steel 
containing, by weight £0.1% C, s1% Si, £0.4% N, 9-25% 
of (Mn+Ni) under the condition that Mn is >2 to 15%, and 
14-20% Cr and having slpfn average crystalline grain 
size and s 90vol. % of austenrtic phase or a steel 
further containing, besides the above, at least one kind 
among <3% Mo, s1.0% Ti, <20% Zr, and s1.0% Nb and 
having the above characteristics. These steels are used 
for a structure in a nuclear reactor and a part, to be 
subjected to neutron irradiation and brought into 



contact with high temp, water, of a nuclear fusion 
furnace, etc. 
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[IRS] MM^-ClWftt^ttJ:^ m 
3t«Hft»«HI^«fcflHl>tCr-Mn^- 

C 0 . 1 %U1T, S i 1 %UT, 
N 0 . 4 %WT. Mn2%5:fcl5 KfilTaflOPC 
(Mn+Ni) 9~2 5%&t/Cr 14~2 0%£#W 
L , T^tSfifitS** 1 miaTC* 0,90 tm%&± 

Til. 0%OT, Z r 2 . 0%tlT, N b 1 . 0% 1XF 



a g 
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im^m i ] m.mx\ co.i %&.r. s i 1 %ar, 

N 0 . 4 %mT, M n 2 1 5 %UTR9|gfflT' 

(Mn + Ni ) 9-2 5%&tfCrl4-2 0%£-#3r 

l , ^ftuhnm* i mj^TTSi o.9o mn%&± 

[11*182 ] MT\ CO.I %WT, S i 1 %WT, 
N 0 . 4 WT , M n 2 %£jS;t 1 5 %OT^Jfflf 
(Mn + Ni) 9-25%, Crl4-2 0%MMo 

3 %mtz isn l . T^Jifiga 1 i u mmrx'h 9 , 
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[if«JS3 ] mmx\ c o . i %mT, s i 1 %vit, 

N 0 . 4 %JSIT. M n 2 %*ML 1 5 %filT<0«liffC 
(Mn+Ni) 9-25%, C r 1 4-2 0%RVT i 
l.OXBT. Zr2.0%OT, Nbl.0%WT^l 
«Xmg^<7)7C*^2.0% OTfcStU TiWSftS 

g# i u mixr~eh 0.90 %ia±?>*-*T:M 
hfflS:*-rsi t zw&b^&imA&fffl&c r -m 

mxm i «sx\ co.i %&r. s i 1 %ot, 

N 0 . 4 %WT, M n 2 %*Jtti 1 5 %WT<7)iEfflT-(M 
n + Ni)9~25%, Crl4-20%, Mo3%& 
T&VT i 1 . 0%OT, Z r 2 . 0%WT, N b 1 . 0 

% wt<t) i nximmcoTtm 2.0% ot*** 
l , ^^dftfiajj* 1 mBiTc* 0.90 mn%&± 

[|»**5 ] C0.1 %WT, S i 1 %jst. 

N 0 . 4 %JTF. M n 2 1 5 ^TOMS? 

(Mn+Ni ) 9-2 5%. SyCrl4~2 0%M 
1-Z>m®Xl£MzMo3%aT, Ti 1.0XJ2TF. 
Zr2.0%WT, Nb 1.0% JTROlSXtiTi , 
Zr, N bwmvmi: 2.0% OT££3Tf StHffi 
0 nmOT-C^OjDl^V^ryt-f h 

[11^6 ] fflTC. C0.1 %&T. S i 1 %ot, 
P0.045%WT, S0.03%OT, N0.4%J3l 
T. Mn2%&itl 5%OT<0iSHt'(Mn+Ni ) 
9-2 5°/MQ r 1 4-2 0%£*3Tt W-Xft 

WJBI»**ffl^T 7 0 0<C-1 0 5 O-C^i&gT-H^ 
-Afi-A bm-fo 0 . 10nm-10 



0 0 nmX'fc&Z t ZftW&T r - 

[H^«7 ] C0.1 %m. S i 1 %1TF, 

P0.04 5%OT, S0.03%OT, N0.4%W 
T, Mn2%^ii-1 5%OT^icHT'(Mn + N i ) 
9-2 5%, Cr 14-2 0%&t/Mo2-3%£-!rtr 
-fh^-x^A MHfcfcwc. tmmuuf-yVA 

bm&tsmfflMiHL®mm^x. i o o°c-i o 5 
fica < mwrnoiuxmrnz mm 1 , m^mm 

#10nm-l 000nmX-$>&Zb£®®b?&$m 
&tti£§ftgC r -MnM-^fN MSS&ffl. 
[11*^8 3 S4T\ C0.1 %WT, S i 1 %mT, 
P0.04 5%mT, S0.0 3%OT. N0.4%Jjl 
T, Mn2%$riitl 5%tlT^®HT'(Mn + N i ) 
9-2 5%, C r 1 4-2 0%. RVT.l 1 . 0%ti 
T, Zr2.0%WT, Nbl.0%lXT<no*>im$> 

Miz&^x. toxim-?>i7-yyj bmntsfflmfia 
xwmzm^x. 7 o o'c-i o 5 ovnmmvwwt 

cojni^a^nftL, w.&X'<7)tmmx'9 o%&±tf 

X-AT-M hffl-C* 0 , f%W ! 1 0 n m- 1 

0 0 0 nm-C&Sifc *«ftti:i-4*ttfctt«5MEC r 

[fi^9 1 nx\ C0.1 %OT. S i 1 %VJT. 
P0.04 5%lilT, S0.0 3%OT, N0.4%W 
T, Mn2%£i8;U 5%&.T<?>&mX' (Mn + Ni ) 
9-25%, Crl4-20%, Mo2. 0-3.0%, 
MfT i 1 . 0% £TF, Z r 2 . OX0T, Nbl.0% 
OTO 3 *> 1 Sl> 4 V ^{iSitcOTcSS: 2 . 0 %JTF 

m^tsMMmnmrnm^x i o o°c~ 1 o 5 or 

Onm-l 0 0 0 n mX'fo&Z t Zftffliti- 
B3SJSC r-Mnl^-Xft^ FM$£§0. 
[If*« 1 0 ] MSX\ C0.1 %OT, S i 1 %a 
T, N0.4%OT. Mn2%^l 5%£TR9$eB 
T (Mn + N i ) 9—2 5%WCrl 4-2 0%Sr# 
*-tSI015i v X(i^McMo 3%WT, Ti i.o%m 
T, Zr2.0%UT, Nb 1.0% MT<?yJ?%< ti> 

1 ST'T i , Z r , N b(T>mmcr>7m^t\X'2 . 0% 

xmm&iz-m-mii®** 1 o o'cot-c-3 o-i 

0 0 B$0T h y 4 9 h h W±#- ^ 5 tut: ffl 
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StMiSSSN LtfJLScfcT 7 0 0-105 OiCOiBJt 

g^SDx^aa^-ri.- fc (c i osa^A**^ o% 

Vlktf*-*Ti-4 hfflt&D. lOnm-lOOOn 
W&ttiii&gC r-MnM-Xft^ hMM^cO^jt 

[it** 1 1 ] Mr. c o . i %wt. s i i xia 

T, N0.4%OT, Mn2%£i®;il 5%fcTR0KB 
"C (Mn + N i ) 9-2 5%&yCr 1 4-2 0%£lr 
ttiCr-MnS^-Xft-f h«IS«IX»;U*lfcM 
o 3%WT, T i 1.0% Z r 2 . 0%OT, N 

bl.0%OTO^<itia-CTi, Zr, Nbtf) 
«8R<07af* £ftT' 2.0% HT*#*-f 4 C r - M n 

im$m 1 2 ] mt% c o . i %wt, s i i %a 

T, N0.4%OT, Mn2%^ai.l5%OT^ll 
X' (Mn + Ni) 9-2 5%M/Cr 14-2 0%££ 
ftSCr-MnM-^fW MJBSMXMtiflfcM 
o3%OT, Til. 0% JUT. Zr2.0%OT, N 
b 1 . 0%JaT^=5r< 1 1 lST'Ti , Zr, NbW 
«Rtf>7C*S:£it? 2.0% C r - M n 

*asftttg# i u m&Tx-h hit mmtt^mm-k 

m&%< b fc— 1 mOTWifteittM* 
■fSC r-MnM-Xft-f MHi 9*4.1*: 
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MtC. C0.1% J3.T, Si 1%OT, NO. 4 
% OT, Mn2%£*S,L 1 5%UIT^«HT (Mn + 
N i ) 9-2 5%aU f C r 1 4-2 0%**». Xtti 
ntMo3%OT. Til.OXeiT. Zr2.0%m 
T. N b 1 . 0% felT(7)^< h i> imt'T i , Z r . 



^^'3 2 0 0MWtLh, l^E^7.0MPa lUlh, 
H^7KffiS2 88 0 CJa±, H?IB«maj^l*n 1 0 0M 
WELL?**). IfflWHFflEfcfflfo^Wtfciifc** 
tttWHW. fflfflWtfA^ 

4 r . ^ a 7 ^ Hfti^±aH8^ sco^jssiHW)^* < 
t t-o* 3 o^jjuiiissi'cttffl-c* , ummz 8 5 

(if**l 7 ] MS* 1 4fcJsv^T, WEHW^Raj 
**«4 3 0 0 MWJiLh, WftWEMfil .OMPafil 
I, JSW7jc&Jg#2 8 8°CfcLL. 1WE*JMWJ#1 5 
0 0 MWJ2LL 9M*8 5%&±RV 1 2 $\HjHESW> 

imam* 1 01 0 5 0 ajart t xjzs&MHtr? y 
k 

imm si mvr&jimmiz^&w^T, fp 

L . T^SSS** 1 A< mOT-C'J) SCr-M 
AKS^ 1 ^ mjaTT** C r — M n^-XT^ h 

m&M&zbiMtb-riim&p. 

[mm 0 ] *5 $ -y ? 

[000 1] 

fflti fc#3!WrflBtfflC r-Mn ^-Xft-f Mit 

j bmm 0 . mzm^ip&wnmmMmmTX' 

[0002] 

^mfiiLTfco. mm&&m®bLxfc<m^t>tix 

V^SrWLTV^. *-Xt:M h^^ifflfigSrSS 



(4) 



1 0-88289 



mmmmib Lx%&nm- 1 /imt&ML 

[0003] ESro-trAT'^-Xf-M 

^ mwt^^^^Jts^T'j) o . «fc ixm 
fflmmnktm. mmmw,£, msog, 1994 

5 2 9-53 5^-^&tf B#£ll¥£**, IS 2 
7*. 3&5^, 19 88^, 4 0 0-4 0 2^-^'£$8 
£S*lt^ft. 

[0004] ^-Xft^f hiWi, W&ttOC r 
v»MiTV*ft. L#>U "g^tfW^-^r^M hM 

mx-teimzzm-ummmnmikt u^-xf 

h^Xryi^Xffl-C'ti. jPiMPT!H«lT4 x 1 0 

j: v$m&mtfMtt&tmwztix^2>. 

[0005] 

[^^mLcko^-ri»pe] t*»uwa*aT. - 
hmmmmxnh&wttmuiJLnx'it. m&& 

w t tzttmx'tetoxmizimm o s -9-7-5 

fr^/xr-juiX'cotmMi&gkimxmmx'h 

ft. 

[0006] •+ V*gfi£3T*-ft*-.*T "M h%*r> 

mz&#x'<o*m®<?)mM%&£vmzmmmz£ 
mtmMzmtiiiimzm&zGti . 
[0007] ^-xft^i hiifflfi!c^%-ri»^y^ B 3 B € 



tft rntx^tftWi: It Jltt»)MMk<ctt 

#£OSft#^-C'J>ft. fcU^f$M£ttLTSftre£ 
ftiBt:fr&fc LX&MW77J >r 4 Vf&rtmtfh 
ft. ^«7ntxtli, *B»ttEEgi£J: 9 fc J: OttM 

^*^MMa-c-ifi^^»$iiT . ^/*§ B B B 
vttiizm. < mmwm^^m-isrccomxmmx' *> 

m&miCr>^~iil3.mTu*xizit^X+Mz4^ 

[0008] *m<omte* feik&m£)--izimm 
{t-thzbizxo. w*tt. a*. wmmmmmtz 

znm^tz!%^mm&iiFbztit,comm&z 

8&1-Z>ZblzbZ. 
[0009] 

0.1%JTF, Sil%OT, N0.4%OT. Mn2% 
£Mll 5%OT<9&BT (Mn + Ni ) 9-2 5%& 
tfC r 1 4~2 0%£"£3TU Wttftfi&fl* 1 mtt 
TT& 9 , 9 0fMK%JaJb<0#-x^>r hffl£*Tf ft 
- i: fctfafc-tftSfflfAttSSJUSC r-MnM-Xf 
•M b*8S*lfc:&ft. 

[ 0 0 1 0 ] «C % *#UBi-t»<0££tes Mo 3%Ul 
T, Ti 1.0XI2TF. Zr2.0%WT. Nbl.0% 

mrco i mximgwTtm n, z r m n b 
[oo 1 1 1 *%mm&x\ co. i%wt, 

Sil%mT, N0.4%OT, Mn2%S-jgi.l 5% 
tlT»ilX'(Mn + Ni) 9-2 5%aU r C r 1 4~ 
2 0%**i-ft«W»X«i*lteM o 3%mT, Til. 
0%OT, Zr2.0%WT, Nbl.0XiaT«iWr< 
i:i,l«X(iTi , Zr, Nb^^7C*Sr2.0% 
OT$:^tftmHc^ B B B ©fS2 0 nmmT-C'^Ojnl 

tm-?^T>w hjf0Bffl*^-ftiwift*t»is-r« 

18 i: . 1 0 0 OrlUT^aSTHft^^ffi 

t Jni* Wrt-lSk £ ft C i: 5r 
^mt-fft^iStAttlllSiSC r-Mn^-Xft'f h 
MigiBCfcft. 

[0012] C 0 . 1 %JilT, S i 

1%OT, P0.0 4 5%OT. S0.0 3%iaT, N 
0 . 4 %WT, M n 2 1 5 XiaT^WBT ( M 
n + Ni) 9-2 5%JSK/Crl4-2 0%**#tft 

attWimissfes-fflv^T i o o-c-i o 5 owi&gx- 

WtSWaa, fcftv^ira&fHRJBlk^KiaOiffl 

±m-*Ti-4 hnx-h*). i^fflo¥%^ B B B ^s*u 

0 n m~ 1 0 0 0 n mX'&t Z. b ^WSkfTh ©It&tt 
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[00 1 3] *^{iM^fc|5l«^Mo, Ti, Zra 
tfNb££tfitfVC£>S. 

[0014] #&HJte, M&X\ C 0 . 1 S i 

1%SHT. N0.4%WT, Mn2%^tl5%mT 
CO^HT' (Mn + Ni ) 9-2 5%2W/Cr 14-2 0 
%£^W^S§S^Xfti.rilft:Mo 3%OT. T i 1 . 0 
Zr2.0%WT, Nb 1 .0%OT^=5r<fc 
1 1 at'T i , Zr, N b <D^<07C^?r-^ltT 2 . 0 

%wt* h mm r v xm*h h ^ t 
ixm®58.mtztm.n?®m 1 o o'cott-3 o- i 

izryjvriyyz tdt^±itm. i , & a&s# 1 

Itt*t**t4iai:, saiomsr«aBi»*jE«Bt 

4fe*iJ»IBHf LSI LfttCT 7 0 O'C-l 0 5 0'CiOSJg 
$-C'9 0%m±* < ^-Xr^-< MBfc&O. lOnm- 

looon nKOKHTT^isfiaasiawi c k *i*ak 

[00 15] CO. 1%OT, Si 

1%&T. N0.4XJJIT, Mn2%&ixl5%OT 
cOKffl-C (Mn + Ni ) 9-2 5%&tfCr 14 — 2 0 

WCMo3%mT. TIl.OXIslT, Zr2.0%ti 
T, N b 1 . OXiaT^flr< i: «> 1«?T i,Zr, 
Nb<O«ft<D7C£££fK*2.0% OT^tWSCr 

mTfPftffillZh*) , ffiWaUrCr-MniR*-* 

[0016] S*"C. C 0. 1 %J^T, S i 

1%WT, N0.4%OT, Mn2%£$;U 5%OT 
?>&fflT (Mn + Ni ) 9-2 5%RVC r 1 4-2 0 
&C r -Mnl^fN h«»*Ktti 
*UcMo3%JaT. Til.0%OT. Zr2.0%m 
T. N b 1 . 0%HT^«Sr< i: t IST'T i, Zr, 
N bfl«fttf)7aR££ffT2 .0% JsrF***t4 C r 

iSBSamtC* 1 ). ffif^Cr-Mnl^fW 

[00 1 7] #fc«HU #&=Fmii:%V 

[0018] *»5N±. S^E^JfSSrtt+ttW? 
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[0019] *mii. IffffA^rtC+ttfiSA- 

x\ mmush<7)'j?%< t i>-itf£*-ZTi-4 h$m 

[0020] ##UJU;. R^E^fHSrtKCttSnfc 

KJ:o-C««aj**»*« : F*»«7 , 5yh'C. iff 
^tU^I* { 3 2 0 0 MWOh, JimFE* 7 . 0 M P a 
JSLh. « : FJF*iaK2 8 8 , CUUi. S5UB2l#l 100 

< t fc-o & 3 0¥W±*^-C'«fflT# » HHtt 8 
5%0±b IKZ b ZmWibt$>mtt?t'%7y>hlz 

[0021 ] *«b»4. KWE^SHBrtfciWttSnfc 
W <?)3fiaj*4 t 4 3 0 0 MWtLh, SWEW ! 7 . 2 M 

p ai^jih, j®^7foaj^2 s s-cixh.mmai^^isoo 
mwjju:<o8«**8 5%a±&x/i 29nmAk<r>iz 
wmk i @i o 5 o am^i: l^^ t 

[0022] *IW8(C*Jtt*E ; F« l, aVIR : i t *««7 , 5 
tt£**>* i jfi^-Cft 0 . * ©fcftfcttWW ft: J: 

<wimzm^x3o o°c-s o o*c<^i«fc-f sawMR 

**fl&ifcft:J:->TjtifiS*i4. 
[0023] *JM«iSr#tft*ffi»»rtfc: 

&X\ MMmi&mf$M&V>>J?%<bi>~^. 

»-s<^*< t t-os- , «r»w*w«H(cffii c r - 
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[0024] *JIWtfD«KiSfflt:tJ»t6 W***3 00M 
P a J2LL . Wl/m 0.5% M±.tff&t I < s W£ , Wl 
400-600MPa, 0-3 0%«tL 

[0025] *li^t:fli4**WiiWBWRJgWrtfl| 

%< 3 0¥JJU:ttffl't4 £ i: tft't . tt£4 0*13 
fcftJBT^i. mz. SWfcLTI!fcaS;tj3 2 0 0MW 
Oh.S^PE*7.0MPaJ3Lii. «aS288'Cia±t' 

fc . #*«PHcffi4 iH* [§I^(cfflv tf; A B WRumFTIi 
,^ta^4 3 0 0MWtUi, *FB»j7.2MPa J3Lb. 3 
Jg2 8 8'CiiLhi: U mSWWJ* 1 5 0 OMWULh^ 

*jMbwti*-c*4 wc. zcoabwrx- 

[0 0 263 »fc, *»!Bfc»&«I*fflv>*i!:tJ:0 
5g&B$&f§*£ 2 0 m S V/A*OT, JgMfflia^ 3 0 

#14-2.8 4.2%, JRai$$!£4 5~7 0GWd 

[0027] *%PMtmi£o t^m-kmzmtitz 
£«6* xmtbi <r t x'wmmmmtfmmitx'% & 

^i:-C!BHJ$*U>. 

[00 28] •lr;xir-lV±'n0i*-XT"M bUmS, 

AMcoi}nxim-?)\sTy?4 bgm&xim&x-ff)*- 
b&<^<?m$&&<r)®m*\&m 

m&±1ffi&<n*-X7~t-4 MB (r) 
'l>±#flHfttfrai<?-yiM MS («' ) £3055 ■£& 
*>\ aBOI'C^Sr< i: {.t+nmgg««rffl^l 
4 Wi©g*^< 1 1 1 5 nmHBa ' fc-f 

[0029] Mxfhn<ms^m±mmmx'\imm 
irnww i Ph^MmmwLtatm^mx'h 
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£MS*&&SaK9 0 0 riTRO^f^ttL^tfio. 

ti> . *rf s ? o y-t^f xcr>&g' B wm$:nz «*k 
(i9 o o^EUi-cowii »rtrc*4. Jnif&strcii, 

toxizx^mAztLimnte^xM ($xm) 
tih mm^hz\ t iMmx-h i . vvwuci/cmi 

fett&tt. £ 4>fc7 0 0*C~1 0 5 O'COT'EBi^^ 

HBaEis-ejm-rsi burnt u». 

[00 30]*Cr-Mn^-^ft^ MHKWl/t 
^ t . mt LVVlSfl^T^Sffli, 1 0 n m*><i, 1 0 0 

4 bm<om&miz£-ixm*ztimm.miEr3<7) 
muz-mzti*. &m, ^±\,zmhi-jxy-)vt 
x-v&ikffiztmxnmmiH&mmb ixmuz 
*zix&xom*e>v-?Mzftmtm&Aift 

mzx ^mmftLx\mm&mwz^hmm 

®, ■f**i'feA3&»i5>5 0 0nm4-e^)««II2M^5 0 0 
nm*^l OOOnm^-C'^^III fcfc*Jt^*l&. 
ffitt I iOTIS l o n mnwmi. *Rrffl«S[S*»*fc 
a6<7)a ' ^tWBHbWIWcKaai-J-Ct 5 nmH 1 0 n 
mcOKHt i: i: * S £ i: fe <k ££±H?) 1 0 0 0 n 

^ ^ C coffimim'SLX'CDtiLR-f^ <0lz£& 

&m-h. m&x-<7)Mxmfi±.zithm&t:iiLx^ 
ommmhMtti&mizftmx'&h. w&m a® 

[003 1 ] ±.mcr>mmv>C r-Mni^-XfN h 

-fLtc j: m&izmH-^umx'vmm^mm, mm 
ipjftwmt.-t&zbtfX'Zi. ztut. mam* 
m^zbizxi. ttefssmT-ummmnrnM 
mzx >)mbimm<omiKmizM?\sK)i> 
xmzti. iowajL«v\ z uztmowmniL 



(7) 



[0032] *&?«miz£ mmmm^mixii. w 

mMxmvwmtK tesy&'&zm; o & < m4tt 4 - 

•w* <r k 4 . ttmmmixm^ J: 

0 fkRX'coxmwmmmtfm t &zt x-nmrnrnt 

[oo33] &±<ox o (Cs mim&nmmtL 
x%nkmzmmAi-z>ztx\ austfau ttz. 

$mmmm±t 4 . *aMWiau*&±#3** 1 1 

fcfc. W\tim±l. ItJHfttt. W!BW««tt*rtl±$ 
[ 0 0 3 4 ] N i bm$mz LWAtt 

£|6)_L$-£4*\ flU^Wt ra-«AiR«TC«ffl-f * 
£{£t$-t*-4<7>T\ ±RS{42 3%##* L< . J: 0 1 8 

[ o o 3 5 ] m n \tmn&mrwt<?>m> § t> 
4 v^mmx-h i Nu sa-r4 £ t awe* 

1 5%OTfc"fS. 

[0036] B&tt£ig#>4 WKM n N i <7)W.£ : &M 
(i 9 % jaJb*WCfc 4 . M n b N i »&8$ftW>±RWi 

[0 0 37] Nit*-XT->-4 b£jS.7tmX'fol. Mn 
1 0%£Mt. C r 1 5%m±<7)iSMnftC r£8fc&4 

T'£>4. *NJWttBt3.*ha*a>a»4fc*>0. 5% OT 

[00 38] Crtti8fttt*|6Lh5*4fe«>fcl4«ja 
±*«WC**. U»U 2 0%^i.4t^-^r^ 

*>14~2 0%a*#*U\ 
[ 0 0 3 9 ] S i tt^ffl$M<9lBi?>IEL KBffllfc L 
■CaSSD^flTV^. 7fJ|ISUS304, SUS316^0J I SSfS 
(c^bTS i ti 1 %JilT, WC, 0.2-0. 5%tffti 
U\ 

[0040] P, S{i3R«tt5|5Wl8ii^t:*^rSft.. H 
AttfcSV^&llfclf 1/0*4. HTJESUS304, SUS316^ 

J I S«tS^tTP(i0.04 5%OT, StiO.0 3 
%WTaW£U\ 

[ 0 0 4 1 ] M o t±H&tt&l/qi$&fcS&flQ7C«-e*> 
4. L*>L3%*j68i-caaiirt4i:<TfflS4«$*. tt 
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^-•T4Wi3%JaT. 2~3%^flna*#£U\ 

[00423 citmmmm^t txmztihm 
£iimm&m±&frt>x'Z&tiimm^& ztw 
mt<. mmx'% 4 mwsn^^cmnzm-th . t 

#<^t£iS^MD^4l23aU^. JJR-CO. 1% 
tfimX'h 4 . -I *U2LLTt±Kfctt^ffl#jB.r 0 

[0043] Ti, Zr, Nbii MM«W 

mrnx-h*). *tzMffimx'ii.*-^-iH xm-x- 
hhiztbttibvtttotfizi. vmHzx^xmxzti&m. 

?<£&ZW6LXWmi l &kfo±.%*k&. 0. 1% fcLL 

£#tf£fi^tt££i£LTttft£M<^4£^ * 
STC*v\ HRfc*W»*Ji0.2% ifi<tf)i?iit£-£W 
LTfc^ 4fc**C*i**l/CO. Cfcffljgflrt"* 
ttbKJiTi, Zr, Nb<7)j«i. #»aSjD"C'(4, * 

ii-efi l.o, 2.0, 1.0%. *fca-&aaircii«* 
t5»*^#r4. 

[0044] fiUbOJ: 5 (c, tm^ttAtttXfrtUlftL 
BB^»«tt^[6]±-t4. 

[0045] *Jffi*0«Wi, HRWfctt#*««*BWlW) 
#4. Sfc, R J F# , # , ^tT=fir<, *?^KWK , 7WR 

*wt4S*i-e«ffl$n. &it^.^a«5-^tt4« 

[0046] 

[^B^HMC7)0®] 

(usswi ) *wmmi&mMM&-* : rt'4 vm 
&iwmizm20)Th74?z&mLtz. ^^na^« 

f$Ui. m$2 5 'J y h^Xryl^^S^^^^ 1 . 
^y^l^ai*AP2, #2fl*ttCI3, TJUzfytti 
\mM*jx<nWM*jx Sr 4 x-;U4 , 



EH&^T- A(*8 tCfs ^. T xf- ^ T-A 7 36*0 
IE31»rt4. T^'ir-^T-A7^J:oT.tC-;P6« 5 Jt 

-t4^B**«f»^fe. T-A«i80Il]^S(il 7 
Orpm Tffofc. *^Bflt^|,#a^ H ^^^- 
*x-M hffl^i^k^^ («*%) 1 «f No. 1 
-8^$ii4. 

[0047] 

[^1] 
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<t * ft * Cwt%) 



No. 


F e 


C r 


N i 


M n 




p 


S i 


3 




M G 


T 2 
1 1 


Z r 


N b 


1 


bal. 


18.7 


9 . 3 


2 . 1 




0.0 4 


O. 3 


0.0 2 


0.0 5 










2 


bal. 


19.1 


2. 1 


10.2 




0.0 3 


0. 4 


0.0 2 


0.0 2 










3 


bal. 


1 4. 8 


2 0.1 


4. 5 




0.0 3 


O. 3 


O. 0 2 


0.0 9 










4 


bal. 


17.1 


15.2 


3 . 0 


0.0 1 


0.0 3 


O. 3 


0.0 2 


0.0 1 










5 


bal. 


17.8 


11.8 


4 . 2 




0.0 3 


0. 3 


0. 0 2 


0.0 2 


2. 1 








6 


bal. 


16.9 


9. 5 


14.8 


0.3 2 


0.0 3 


O. 4 


O. 0 2 


0.0 5 


2. 5 








7 


bal. 


14.6 


9. 9 


2 . B 




0.0 3 


0. 3 


0. 0 2 


0.0 9 


2. 3 








8 


bal. 


19.6 


9. 2 


4. 2 




0.0 3 


0. 3 


0.0 2 


0. 0 1 


2 . 8 








9 


bal . 


18.5 


6. 8 


2 . 7 


0.0 4 


0.0 3 


0. 2 


0.0 2 


0.0 5 




O. 3 






1 0 


bal. 


19.5 


11.1 


3 . 4 




0.0 3 


0. 2 


0.0 2 


0.0 2 






0 . 3 




1 1 


bal. 


1 8. 9 


4. 5 


14.3 


0.3 5 


0.0 3 


0. 3 


0.0 2 


0.0 5 








0. 3 


1 2 


bal . 


18.5 


10.8 


12.5 




0.0 4 


0. 2 


0.0 2 


0.0 2 




1 . 0 






1 3 


bal . 


19.2 


8. 0 


4. 2 




0.0 3 


0. 2 


0.0 2 


0.0 4 






2 . 0 




1 4 


bal . 


1 8. 8 


10.2 


12.1 


0.11 


0.0 3 


0. 5 


0.0 2 


0.0 5 




O. 2 


0. 1 




1 5 


bal . 


1 8. 1 


9. 8 


2 . 4 




0.0 3 


0. 2 


O. 0 2 


0.0 5 




O. 7 




0. 2 


1 6 


bal . 


19.1 


17.8 


3. 2 




0.0 3 


0. 2 


O. 0 2 


0.0 5 








1.0 


1 7 


bal. 


1 7. 2 


11.2 


3. 2 


0.2 3 


0.04 


0. 2 


0. 0 2 


0. 0 2 


2. 2 


O. 3 






1 8 


bal. 


1 7.6 


1 1. 1 


4. 1 




0.03 


0.6 


0.0 1 


o.oe 


2. 1 


0.2 


0.3 




1 9 


bal. 


16.3 


1 3. 3 


2.3 




0.03 


0.3 


0.02 


0.05 


2. 2 


0. 7 




0.6 


20 


bal. 


16.9 


12.1 


2.5 




0.03 


0. 2 


0.01 


0.05 


2. 5 




1.2 




2 1 


bal. 


17.4 


1 0. 3 


2.4 




0.03 


0. 2 


0.02 


0. 04 


2.3 


0.4 




0. 3 


2 2 


bal. 


14.2 


3. 2 


8. 1 




0.03 


0. 7 


0.02 


0.05 


2.0 




O. 1 


0. 3 


2 3 


bal. 


16.2 


12.3 


5. 1 




0. 04 


0. 2 


0.02 


0.05 


2.5 


0. 2 


0. 2 


0. 8 


2 4 


bal. 


1 7.5 


12.0 


5. 2 




0.03 


0. 2 


0.02 


0.05 


2. 1 


0. 5 


0. 7 


0. 2 



at 



10048] no.4, eimssm'mtiAX'WMLx 
'nit:. mmtix*%pnnNo. snmniz^x 
H3, m4Rv : M5iz$.v>m®tx&mmiz£r) 

ZtlZtmLtz. ¥*&*&&ftgtt 1 0 0 nmlUTtCOV^ 
XliX®\°mW;tm\>\ 1 0 0 nmkltfcoivni*? 



3 ft l 

3 

[0050] ( 2 ) *^B^^ B B B S@»^^- 

Tte«IMW£M: Win 6 ^MStf-^ s jumwz 

muz, z<7)m.mmi. mmmmi. Ar# 
izMffi-f zzry is AMnmi 2, gm5oocco* 

T^l^gS 1 3 , 3 0 0 gtf)fi£tt* 1 4 , $8 
l 3rttf>iSgl 0m<7)ia§!*-;ia 5*»fcfc4. *ha?fg 

fcEfi $ tvk 4 ffi^gS! l 3 lctt»Mj t & t ft £ 
&£Ss 1 3 g#0BHEfc8£ 0 . 1 5i±g§§ 1 3 

1 5 1 stii 3 <5D nan-?* t . mum i 4 # 

IE»OEIIsjft*ttl 5 0rpn TffoTt. *»SHcffi6«. 



flaMKHIP) C*fH : 8 50*CX0.5l$ia, 
2 00 0kgf/cn0 fciOAWITfcLfc. 3t2£, H 

[0049] 
[^2] 



1+No. 1 -24(^§ill) <) No. 9, 11. 17{±g 

tt^immimiEm (hip) c&fr i : 8 5 

0°CX0. 5 $19. 2000kg f/cmO £<fc *)fifi,9Vl 
kit:. 

[0051 ] ( HSfePJ 3 ) * It* t^M^W 
ttSHbt— -*f"*-4 hffOH I P«SI U:A>?*m 
£\ 9 0 0'C, 9 5 0'C, lOOO'C, 1 0 501003 
RX'ttLftl 0 . 5 BHSBtgffift Lfc. i fc , 10 5 0 
°CT\ 0.25, 0.5, 1.0, 2.0.5.0, 10.0 
■*HSE2St«U £ft60Kftl3fil-C9IHKIfc (S* 

aut:~io-«/s) Srffo^. caa<o*v^«a^T 
Ti, zr, Nb*aamL3t*KjtLri*jMa<ojs**« 

S*U C , T i , Z r , N b Ctt»A«^£*M*!l&*< 
fWJfc LT**Uitf>No. 5?>lfflIfcOVvt|l 



iSACC) x *«< h ) ff*(l«»f/c« l ) 

85 0(TC)x 0.5(h)! 2 0 0 0{k(f /»' ) 

9 0 0(t)x 0. 5(h) | 2 0 0 0 (kg t /cn J ) 

9 5 0 (t)x0.5(h)| 2 0 0 0 (k 9 f /c» J ) 



(9) 



7 izmmm 3 o #<r)ijfe<7)Mm&b¥m&m.®* 

m8izfflHM& 1 0 5 OW^iMffltWMS 
3 1 6 LHfc&fc^ivWKU ^3^(i¥%feS«iS 
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[0052] 
[*3] 





v&ttAffcaoi.) 


0.2%j»;fi(MPa) 


#tf(X) 


No. 5 - 1 


2 0 


7 3 5 


0. 9 


No. 5 - 2 


5 0 


7 7 5 


1.2 


No. 5 - 3 


e o 


7 9 0 


3. 2 


No. 5 - 4 


2 0 0 


6 9 0 


3 . 6 


No. S - 5 


2 7 5 


5 2 9 


1 3 


No. 5 - 6 


3 5 0 


4 8 6 


2 1 


No. 5 - 7 


3 7 0 


6 0 7 


5 . 0 


No. 5 - a 


4 2 5 


4 6 4 


1 8 


No. 5 - 9 


4 8 6 


4 5 4 


1 7 


No. 5 - 1 0 


5 0 0 


4 8 6 


1 3 


No. 5 - 1 1 


7 9 6 


4 5 7 


2 5 


No. 5-1 2 


816 


4 15 


1 8 


No. 5 - 1 3 


10 9 5 


4 0 1 


2 3 


No. 5 - 1 4 


16 0 0 


3 6 3 


2 4 












2 0 0 0 0 


2 0 0 


5 7-63 



[0053] 4fc*4fc*Wfl*>No. 5 , No. 7 . Rtf fc. 
No. 1 7«XIHH£OV^T. 1 0 5 0TTC. 0.5 5I0JI [0054] 

SI 4 



Na 


V 4£ A&a(niO 


0.2% fc*(MPa) 




5 


4 8 6 


4 5 4 


1 7 


7 


4 2 1 


4 7 2 


1 4 


1 7 


4 13 


4 7 5 


1 3 



[0055] ¥%)&ikftffli 1 0 0 n mJjTFfcoV vCli 
X||EI#H£SrfflV^ 1 0 0 n mJSUt(COV ^14*^8181 

«ia»*fc:|QtW 1 Rtf 2 J: 0 fc*v«ircH I pass 
(^#2 : 90 0°C/0. 51$!!, 2 0 0 Okg f /cm* , 
&tt3 : 9 SOKVO. 51519.2 00 Okg f /erf] L 



fcftfc. 

[0056] 
[*5] 





fflSCC)x^H(h) j JE?)(kgf /W) 






850 (t)X0. 5(h)! 2000 (kg f /cm 2 ) 


2 0 


&«=2 


900(t)x0.5(h)l 2 0 0 0 (kg f /cm*) 


8 5 


*f»3 


9 50 0C)X 0. 5(h) j 2 0O0(kgf/cm J ) 


2 5 0 



[0057] xmmwtmmm i at* 2 tmu:^^ 

7 0 0'C~1 0 5 0°C<9ffl£3EBT'5%-4 

immm (mmm-.^i ovs) us. hipjm 



owt 7 0 o°ct-2 o%wffF#a-es&iaE®Lfci*fl 
^*-s*ta*iii otc^u *6t7 0 ortaasi 
ffi® Lfc t # eft ^iu^WISflttS^ t £ . 

[0058] 
[£6] 





A n m) 


2 0 


4 0 


4 0 


3 8 


6 0 


4 0 


4 0 


3 2 



[0059] ( mmM4 ) m i isr u^iM^^iS 

CBBlSi^^irfOTT'&l.. tSifctt'l 7«£|S] 
^o^TW^^r^ h7r^A'--)-;H 8i£ 
(C*/t^ 1 9 <0lBfc»», hfi 2 0 fc;J0P h £*$A 
U tf/l//19Hfc7-^*o»t"C*«>ttW\ *-h7 
U-7*+T«a«*t«ftKBfcttLfc. KNfeftft(22 8 
8'C, 8 5kg/cm2 a£flftJEi^ (##gft£t8pi* 

[0060] ( ggtwi 5 ) stM* i t^n L,fc*agfc> 

No. S^aSSttW-ft^-^x^^ MH*800rT|a 

I8MS&U Hltt»fltt»^fcLTitS2 0iiii. 

3 0 0aOttAt^R5 Out, ££200, 5mm<7)$ 

2, No. 5&tfNo. 1 TWiEjiiWfW-Xft'f 

vm* 8 o oxrcsaateja t . 0 1 2 

iSJ£2 8 6°C, Hmff^l7 0.7atgfjIS£$^. fl^ffi 
}ji:LT5 00, 80 0, 1 1 0 0 MVW%Mtfmtte 

as. *aw4aoa9T'»*. tttfi^rsi, 

5 2 , tmtkm 5 3 , ftWft 5 4 . 

*P'l>v a7->N'55, ±«H8^« 5 6 . ffiftll&tt 5 

7. ±^7.TW/70P5 8, <yh7X;i/59, E* 
$836 0. yyyi^ei, mMSX>U6 2, 
8tfs6 3, ya7>)hA7K64, &*APyX;P6 
5 , i>x -y Ki?>7*6 6 , j&(Q!6ttft6 8 . mSK&US 
X)V6 9, tMW*-&*7 0 . 0»<I>*7*W Jfl7X;W 

7 1 , tswF'Ms?? 2 , ~&mm*.xu/X)ii 3 ; a 

•y7;MK7 4, fO«W*PW7 5. 
[006 1]«BSO±aWa^«56<i'JAK2 1. 77 
yx2 2&tA'/y-yh7V-h3 5£#U £fl£>fcl2 

VVfir^. ^C^«5 2*iBlXSUS316iH£*Sfl 

[ 0 0 6 2 ] H 1 3 J4±»»^«co-« 3 PiBH'C* h . 
0141201 3<DVII-VlMc98Jrffl0&tf01 5(20 
1 6^XIiia5^$rKAL/v:Brffi0-C-S)l». «r»«*fMB 
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HWO^h 2 3(2'JAP2 lfc±»7?>'> f 2 2*H 

[ 0 0 6 3 ] 0 1 6 I2±$fgflg^#i£*0, 0 1 7 
(20 1 6 X<O*atfcfcE&tf0 1 8120 1 7 IXc7)gp*fc 
*0-cas. ±«MS^«5 6^y >yhru-h3 It 
thK- h7*U- h 3 2 £tttf>tt»t@S&f atf/P hftlft 
•yK ^'J >y h7V-h3 1 fc-^-hTV- h 3 2*3 
ifW- h7V- h 3 2 fc^U «y hTV- h 3 5 
tf>£ s|0U h 3 6&V7- -y h 3 7 £_Bfifc R8fc*«»*> 
No. 2 . No. 5&tf No. 1 7lBtJMIIBSfl8tf-X?'"M 

[0064] 01 9 U JF'I> 5d$fiC 5 2 <0»rBSHT* 0 , 
rC^fi*Kt202O«*£ft&Jl, 02 lOfM 
miffi&M . 0 2 2 C7)0 2 1 OXVKA0T-J) I. . r 4 * 
;|/ f 4 2 ATO £>;fU -1*1^0 20 -022 *W 

»t4>fl4«Ml»Sl$«eyaVBI2 307-yi^4 3SrR 
[ 0 0 6 5 ] $ *>(C0 2 3tt$B*MM^^#«13 

m^w*^^**triat»*ia«wfcfiai^s 7 y v 

X7 7. *MWfl*^b78, WmtvYl Sfrt&h 
WmmZ^t. 02 4J2r-A'*|t,-jf;Uh8O«rffiffl 
Uc^-^^K)rffi0. 02 5{2r-^W;Ph81 
L^^WfflKg9k7)Brffi0T. r-A'#^;> h 8 
1 te* 0 >y h#7. D -78 2 $r^-LT*P'i:^ a 7*7 K 5 
5. ^7y7-7 7$:Ii^-ri>. tf/l/K ^'yh(2IIM0iJ 
l-Cf»!L/S*J6WONo. 2. No. 5SyNo. 1 70S 

[0066] *mw?£X'fm Lam* . mmm 
m. z HF*x'&.iz>m-*mmL. »c ^^jhws-c 

lXl 0 22 n/cni2(>lMeV) iT+tt^iHItLfc. 

#Bsjt^tss^«{cMST'5i?i^ mms. : ~1 0 
4 hmimmm3 1 6LsitjttT. h^oimjd& 

o^. 4fc. *»Wt, Ti, Zr, NbjSiJll 
i;UT^7t, *fM8<^l+«ONo. 2. No. 5&1/N 

o. 1 7t^*^ffl#3 i6Lito^t. Bgimsww 

[0067] 
[fS7] 
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-t H 


jfc nQ A4 4+ 

5f Fa « TT 




r K 


fi* 4f 

*W aff W 


Na 

(fiffi ■ CI J 


H*(MP a ) 




ry 
C 


"7 & O 


i c; 


(a — o^nm; 


7 Q 1^ 


1 o 


5 


TOO 


1 £ 


/ H — 7 0 n m \ 

\ U — / W II III / 


8 0 1 


1 0 i 


1 7 


7 6 1 


1 7 


( d = 8 5 n m ) 


7 7 0 


1 6 


316L1 


2 1 0 


6 0 


( d = 2 0 n m ) 


110 0 


0.4 



[ 0 0 6 8 ] 1»» UcffifflMF/rk UT-eo+tt^ltM 
*Uxl 0 22 n/cm2 ■C*ft*m»tt?i»t**tft» 

tffcioTttjStftCifctfSSte&ft. *LT. .Ift^ 

wsw«SHw«3Sift k k mmmsm-m. 

C 0 0 6 9 3 #HSS04T1i*^ K -?-■•/ hSrgJitLfc 
*\ LWfctWifV -y hru-h 3 5 , jFfc3d*K5 

i t i*#«c*»r*« . * lx . *£stf*&ia» 

*E£J:oTSI^ft£k*^fttf)-C\ 013-02 
1RLXm^Z>Z\ttfX'ZZ. 

[ 0 0 7 0 ] 0 2 6 liPfflfc>±aW&?« 5 6 C0W»I®C0 
Brffi0St/0 2 7 liPJ^^C^flR 5 2 c^BiDBc7)8)i 
ffi0T£>ft. iti<o<7)ffiJtti{i|5lt<^lK:^-rNo. 5 



t COT'S) ft. 
[ 0 0 7 1 ] 02 8«+tt?ftfSStifi'B?5 3 

^SESTftfcrjsffissKsnjt^^ isyymmzx ~>x 
mmztiz. *2mmx'i$mt<miiz7jk-rNo. s<^ 
±*m\>\ is-^w*&^mm&m5 3mmz 
x ->xwkzti. mm 1 izffl&vmmmtfmzti 
fzi><?)X'hh. 

[00723 02 9\tmmmmnmx'h r> , ^hwj 

fcfflltf:. BCf-a-'/{±}RBIKJ:o-C*ff^-5fc 
ft. tV^-5yKcJ:^T^EMkM#fii:^jgL-C 

ft. SIBcioTttfc. 

[00733 03 Ofiffli^ft 5 7Og|5^Brffl0T'a 
ft. 7^)±WMS1 5 1. 

?n-yM5 2, ^-+y*/W<>y?;U54, ±g|5;M 
7V-M 5 5, T»*47V-M 56, X^— 9"1 
5 7&tf;>.y h'/t- 1 6 1 8£i* ftfctfXOsKA' 

*ffflitf>&££ffl^ft i k #T'# ft . ±gfl& 

tnFW^w ?v- v nmmimfflm&mzmmwm 
ffismmzmmmmi. mEmtm^wmiwk 

[00743031 (»4#ogp^ufM0-c-j) o , mm 

« 1 6 4 Atfl8& 16 7k &fc*fWJK«ft£&#fflV* 

&*tft. 

[00753 032 SUM rcD-SPBrffllOT 

r, *ns60"j-c-(i^ic^-rNo. 5^&A*fflv^«js 

L, ±^««OSI5^kTS5WJfl*ia5Wi^Ii8i&^ 
JftSk tHJt^J 1 k [SI t^jtlgd o-C#^. ft^ffi 
tiv^t VP t-A»»(c J: o T^LJt . 

[00763 W±<7)^tJ:^-C#^^ft BWR^mr 
7Vh ^±=S:ft««^ 8 lUTfitm 0 1'$> ft . 

[00773 

[^8 3 
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• 


5& ft 

« o 




A R\A/P 
M D w n 


D I Al D 
D W K 


® fl * fi 


1 iRnuv 


1 1 nnuui 


m =f. *p « -fi 


0 a zOWW 




a f up e jj 


7. 1 7WPa(73. lkgf /an 2 }(abs) 


7.03MPa(7l.7k9f/cm 2 }(fibs] 


± i8 a a t 


7480t yh 


041 Ut rl 


g ^ s s 


215*C 


01 1 
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